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10 INTRODUCTION 


1.1 


1.2 


Background and Purpose of the Report 


This stormwater management study Phase B report on watershed modelling of 
the Red Hill Creek has been prepared for the City of Hamilton by Philips 


Planning and Engineering Limited. 


This report discusses and presents the watershed hydrologic considerations and 
analyses undertaken in the course of this study. Specifically, the following 


items are included: 


The method of hydrologic analysis utilized in the watershed modelling 
study is presented and discussed. 


- The data base for the hydrologic analysis is discussed and presented. 
- The method of hydraulic analysis is presented and discussed. 
The results of the hydrologic analysis are presented and evaluated. 


Conclusions and recommendations are presented. 
Watershed Description 


The Red Hill Creek watershed drains an area of 71.94 square kilometers 
located within the Regional! Municipality of Hamilton-Wentworth. Portions of 
the following member municipalities, listed in order of relative area drained, 


lie within the watershed limits as depicted on Map No.'s 2a, 2b and 2c: 


. City of Hamilton 
- Town of Stoney Creek 
- Township of Glanbrook 


- Township of Binbrook 


The creek originates on the Niagara escarpment through several tributaries, 
flows over the brink of the escarpment at several picturesque waterfalls and 
then through a deep valley to Windermere Basin where it empties into 


Hamilton Harbour very near the Q.E.W. Skyway bridge. 
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In our study, we have considered the main stream to be that branch which runs 
northerly from Rymal Road (Highway No. 53) to the conservation area at 
Albion Falls where it cascades over the escarpment. From here it flows 
through the King's Forest area, passes under the TH&B Railway then crosses 
Queenston Road and Burton Street before passing alongside the Regional 
sewage and water treatment plants which are located near its mouth at 


Windermere Basin. 


A major portion of Hamilton, lying above the escarpment is drained by two 
large tributaries which flow in an easterly direction until they meet the main 


stream. 


The first of these flows roughly parallel to Limeridge Road, passes the Ottawa 
Street landfill site and meets the main stream a short distance upstream of 
Albion Falls. This branch has recently been mainly converted to a large box 
culvert trunk sewer 5.5m by 4.6 m (18 ft. by 15 ft.) constructed to facilitate 


the future development of the Hamilton mountain area. 


The second major tributary above the mountain runs as a trunk combined 
sewer, easterly along Fennell Avenue then over the escarpment and along 
Greenhill Avenue. This area has been almost totally developed and sewered 
for many years and during dry weather conditions all flow goes from Greenhill 
Avenue north to the sewage treatment plant. However, during periods of 
rainfall, much of the flow is bypassed to the main stream of Red Hill Creek 
near Greenhill Avenue. In order to minimize the detrimental impacts of these 
bypasses, the Region is presently constructing a very large holding tank 
(90,800 m°) or 73.6 ac-ft. known as the Greenhill Storage Facility. It is 
intended that excess flow will be temporarily stored here and then treated 
during times of low flow. It is only during periods of very high flow that this 
storage tank would fill causing overflows to the creek to occur. This would 
occur during a design storm’event such as the 4 Year Storm, but even then a 
significant portion of the runoff hydrograph would be captured and later 


treated. 


Another large tributary system lies to the east of the main stream with two 


branches, one of which originates in the "Satellite City" area of Stoney Creek. 
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From here it flows to and over the brink of the escarpment at Felker's Falls 
then under the TH&B Railway embankment (reaches 715 and 714) to where it 
joins the other branch just downstream of Quigley Road. This other branch 
(Reach 713) flows alongside Albion Road and also crosses the TH&B Railroad. 
From here the combined eastern tributary (Reach 710) flows roughly parallel 


to the TH&B embankment a short distance westerly to the main stream. 


Below the escarpment the creek and its easterly tributary flow through deeply 
incised valleys which are crossed by several high embankments, the greatest of 
which carries the TH&B Railroad. These embankments back flow up during 
major runoff events and act as very effective flood control reservoirs to 


significantly reduce peak flood flows in the downstream reaches. 


Profiles of the stream and its major tributaries may be found on Drawing 
No's. 1, 2 and 3 which follow. Map No's. 2a, 2b and 2c are included in the later 
sections of this report to facilitate discussion of the watershed modelling data 


and results which are referenced to them. 
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METHOD OF HYDROLOGIC ANALYSIS 


Several water resources computer programs were used in this stormwater 


management study. 


Runoff hydrographs from incremental sub areas or subcatchments were calculated 


using the SUBHYD preeen developed by Mr. Larry Thompson, M.A.Sc., P. Eng. 


The ROUTE computer program, also developed by Mr. Thompson, was used to 
perform kinematic wave flow routing calculations on the subcatchment hydrographs 
as they are combined along the watershed's conveyance system in their respective 
major-minor flow paths. The ROUTE program allowed a dynamic major-minor 


drainage system routing analysis to be done on this watershed. 


The U.S. Army Corps of Engineers HEC-2 program was used to develop backwater 
rating curves for the various natural stream reaches. By making use of these rating 
curves thus determined for the natural stream reaches the ROUTE program was able 
to take into account the backwater effects of various embankments on flood 


hydrographs. 


2.1 Subcatchment Runoff Methodology 


The comprehensive, conceptual! SUBcatchment HYDrologic model (SUBHYD), 
was used to calculate subcatchment hydrographs throughout the Red Hill 
Creek watershed. The SUBHYD computer model is a deterministic simulation 
model intended to be applicable to both urban and rural, discrete and 
continuous pimuiacions 2 2 The components of the hydrologic cycle which are 


modelled are depicted in Illustration No. !- 


Within the model a subcatchment is broken down into three sub-areas, each of 
which has a somewhat different response to rainfall. This subdivision is as 
follows: 

- impervious area 

- pervious area 


. Channel area 
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A user specified portion of impervious area is allowed to drain onto pervious 
area bypassing interception. In this manner, the effect of roof drains 
discharging onto grassed areas can be reasonably simulated. This feature also 
facilitates the modelling of a parking lot draining to a pervious area rather 


than to a catch basin. 


The model has been programmed in such a way that variable time steps may be 
used for computational economy during continuous simulations. During periods 
of rainfall these time steps are fairly small in order to simulate sudden 
changes but once rainfall ends, time steps may be increased in order to 


achieve computational economy. 


The mode! calculates and prints out the following flow hydrographs where 
applicable for any subcatchment: 

. runoff from channel precipitation 

- impervious runoff 

- pervious runoff 

- tile drain outflow 


- groundwater flow 


These are added to give total flow from the subcatchment and comparisons 


may be made to observed flow hydrographs if such are available. 


On various test simulations for both an urban and a rural subcatchment the 
mode! has been found to produce results which compare favourably with those 
obtained by two other hydrologic models known as SWMM* and HYMO.? The 
SUBHYD was also tested on the Hamilton Test Catchment? located within the 


watershed which is discussed in the Phase A report for this study. 


Ma jor-Minor System Flow Routing Methodology 


2e2e% Discussion and Definitions 


During a storm an excess depth of water builds up on the land surface 
and begins to flow to and then along the nearest ditch, storm sewer or 
stream. These sewers, ditches and stream low-flow channels comprise 
what is known as the "minor" conveyance system. The term "minor" is 
used because all flow from small or minor runoff events travels along 


them. 
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When the capacity of the minor system is exceeded during a very large 
or "major" runoff event, excess flow travels down the "major" 
conveyance system. The major system normally consists of roadways, 
overflow channels or swales, and floodplains along streams. It must be 
remembered that a major conveyance system always exists even if it 
was not planned for. Where the path and extent of a major flow 
system has been left to chance however, some components of the 
system may be unacceptable. An example would be the case of an 
unlucky homeowner who happens to have a flood prone sunken 
driveway leading to a basement garage. in this case part of the major 
conveyance system would consist of his basement, which would 


function as a retention pond. 


Thus the minor drainage system is a convenience system and functions 
during every runoff event. In contrast the major system is an overload 
system which functions whenever the minor system is either 
overloaded or blocked. A properly designed major system acts as an 


"overflow" for the minor system. 


Hydrologic analysis of a conveyance system is done by means of flow 
routing calculations. These calculations allow for the time that it 
takes for flow to travel! along a section or "reach" of the conveyance 
system and also for the fact that some of the flow goes into storage 
along the reach. This storage is simply the volume of water required 
to fill the flow carrier to a depth sufficient to produce a given 
outflow. These storage and travel or lag time effects combine to 


produce hydrograph attenuation. 


An inflow hydrograph to a reach is attenuated when it is "lagged" and 
"flattened" somewhat through routing to produce the outflow 


hydrograph from the reach. 


Normally a minor system is fairly hydraulically efficient and induces 
little attenuation in the routed hydrograph. The major system 
however, usually has significant ponding and in extreme cases major 
design peak flows may be reduced by as much as 50% when storage is 
taken into account. It is frequently found that minor system velocities 


are roughly twice that of the major system. 
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Since the velocities and therefore the attenuative effects of the major 
and minor systems are normally very different, it is vital that the 
geometry of each system be represented separately in an analysis. It 
is also necessary to model the dynamic separation of flow into the 
major and minor systems. This is Particularly important when only 
Portions of the minor system are overloaded. In this case flow may 
Split into major and minor systems in one reach, be recombined as 
minor flow only in the next reach and then split again at another 


downstream reach. 


Methodology Used 


In the preceding section the characteristics of major-minor flow 
Systems were discussed. In view of this discussion, the following 
desirable specifications of a major-minor system routing analysis may 


be set forth. 


(1) constant travel time through either system should 
not be assumed 


(2) there should be a dynamic split of flow into the 
major and minor systems 


(3) flow routing calculations should be carried out 
separately and simultaneously for both systems. 


Mr. Larry R. Thompson, M.A.Sc., P. Eng., has developed a computer 
Program known as "ROUTE" which fulfills the above specifications and 


features kinematic wave flow routing. 


The "ROUTE" program interfaces with the Previously described 
"SUBHYD" program and was used to model the major-minor flow 


system within the Red Hill Creek watershed. 


In the storm sewered reaches (Reach 50! to 510), the backup from 
these storm sewers into the major system was assumed to flow down 
either a roadway or an overland swale as appropriate (see Table 6 for 


details). 
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Stream Valley Flood Routing Methodology 
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Necessity of Accounting for Storage 


In a drainage basin such as the Red Hill Creek which has constrictions 
along its channel due to culverts in embankments, backwater storage 
effects become important. Each embankment with its associated 
Culvert acts like a dam, backing up water and creating in effect, a 


flood storage reservoir during high flow conditions. 


If these storage effects are safe but not properly accounted for in a 
hydrologic analysis, peak flow estimations will be unrealistically high. 
This in turn will likely lead to recommendations for overly extensive 
channel and culvert improvements and thus unnecessarily high 


expenditures of public funds. 


Method of Accounting for Valley Storage 


A mathematical process of flood routing was used to account for the 


effect of valley storage on peak flood flows. 


Very often these computations are based upon uniform flow 
assumptions. However, as noted, in the Red Hill Creek watershed 
there are numerous high embankments which with their associated 
culverts tend to back water up and act as flood contro! reservoirs 


during the storm. 


These effects were taken into account in the following manner. For 
that part of the watershed having a HEC-2 data set (i.e. stream 
reaches 701 to 715), a series of water surface profiles were calculated 
using the HEC-2 program. Through this process, backwater rating 
curves were established for each section. Machine drawn plots of 
these rating curves were produced and are appended under separate 
cover. These rating Curves were aggregated for each section and input 
to the ROUTE program so that the routing calculations performed 
took into account backwater effects of the structures. Through this 
procedure, in effect, a steady-state approximation of dynamic wave 


routing was attained. 
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2.4.1 


2.4.2 
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Stream channel routing calculations based upon uniform flow 
assumptions were performed for Reach 60! and 601.1 as a valid HEC-2 


data set was not available for these reaches. 


Data Base 


Sources of Data 


This stormwater management study covered in detail the area within 
the Red Hill Creek watershed in the City of Hamilton (see Map 
No's; Za, 2b and 2c). 


From the topographic maps and from plans supplied to us by the City 
of Hamilton, the watershed was discretized into subcatchments and 
routing reaches and various data items were extracted. This 
discretization was discussed with Mr. Konrad Brenner, P. Eng., of the 


Regional! Municipality of Hamilton-Wentworth. 


A series of field investigations were undertaken in order to gain first- 
hand knowledge of the drainage pattern. Photographs of most 
culverts, areas of interest and typical terrain were also taken during 


the field investigation. 


With the drainage system decided and the study area broken up into 
subcatchments, both the subcatchment hydrologic data and the flow 
routing data was determined according to the SUBHYD and ROUTE 
computer program format. With this data, the major and minor flow 
design flows were calculated at various locations throughout the Red 


Hill Creek watershed. 


SUBHYD Subcatchment Data 


The following hydrologic data items are required for the SUBHYD 
computer program for each subcatchment: 
. area 


- percent impervious surfaces 
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. impervious overland flow length 
. pervious overland flow length 
. pervious and impervious Manning's "N" for overland flow 
. weighted ground slope 
. various vegetation information 
- type 
. percentage in each catchment 
- root depth 
- growth index 
. crop depression storage 
. crop interception 
. percent impervious area running onto pervious area 


. weighted soil data for each catchment for three soil layers deep. 


The percent impervious surfaces are that percent of the subcatchment 
on which infiltration does not occur. This includes roads, sidewalks, 
stream channels and roofs having drains connected to storm sewers. 
The actual lengths and widths of all roadways were measured from 
maps. Typical roof areas were determined and then multiplied by the 
number of such residences. Large residence roof and parking lot areas 


were individually measured. 


Impervious overland flow length was estimated using the topographic 
mapping. This length is the average flow distance in a subcatchment 
from the impervious surface to the flow carrier plus the average flow 


distance out of the catchment via the flow carrier. 


The pervious overland flow length was also estimated using the 
1" = 800' topographic mapping of the watershed. The pervious flow 
length is the average maximum distance which pervious overland flow 
must travel to a flow carrier plus the average distance down the 
pervious flow carrier out of the catchment. The latter distance down 
the pervious flow carrier out of the catchment was also weighted by 


the ratio of the pervious overland "N" to the flow carrier "N". 
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2.4.3 


Ske 


The values of Manning's "N" to be used for incremental overland flow 
calculations for both pervious and impervious areas were selected 
according to reference | and the SWMM user's manual, and originate 
from work done by Ray K. Linsley with the Stanford Watershed Model. 
For example, a value of 0.013 was used for impervious areas and for 


residential lawns, 0.25 was used. 


The vegetative information was weighted for each catchment and 
derived from topographic mapping and the landuse within the study 


area according to reference |. 


The percent impervious area running onto pervious area as required in 
the SUBHYD computer model was set as O for this study as roof drains 


were considered to discharge 100% to storm sewers. 


The soils information was obtained from the soil survey of Wentworth 
County (Report No. 32 of the Ontario Soil Survey), Department of 
Agriculture, Toronto, Ottawa. Soils information was collected three 
soil layers deep and was weighted for each subcatchment according to 


reference |. 


The values of these hydrologic parameters used for each subcatchment 


are summarized in Tables 5, 6 and 7. 


Routing Data 


The major and minor flow path for each subcatchment was determined 
using photographs, field investigation and information from the various 


supplied maps and plans of the City of Hamilton. 


The following data are required by the ROUTE computer program for 
each subcatchment: 
system connectivity 


flow divider value and/or scheme 
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minor routing reach data 
length 
Manning's "N" 
bed slope 
side slopes 
diameter or bottom width 
reach type 
major routing reach data 
length 
Manning's "'N" 
bed slope 
side slopes 
diameter or bottom width 


reach type 


The system connectivity was established with regard to the tributary 
reaches and subcatchments of each of the major and minor flow paths 
within the Red Hill Creek watershed boundary of the City “ot 
Hamilton. The routing node and reach locations are identified on Map 
No's. 2a, 2b and 2c. 


Division of inflow into major and minor systems may be done in several ways 
with the ROUTE program, according to the value of a parameter known 


as a flow divider. 


(a) all flow less than a specified value will be sent to minor system 
(inlet contro!) while excess will flow along major system. This 
value may be calculatec by the program as being equal! to the 


conduit Capacity. 


(b) flow may be split on a fractional basis between the systems. 


(e.g. 30% to minor and 70% to major). 


(c) all flow may be directed to minor system but upon minor 
system storage being exhausted (i.e. pipes full) any excess will 


be backed up and overflowed to major system. 
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2.4.4 


a. 


(d) major and minor systems may be seen to be combined as in the 


Case of a natural stream reach with rating curves available. 
For this study options (c) and (d) were used as and where applicable. 


The minor and major routing reach data were determined according to 
the photographs of the reaches and from storm sewer information 
supplied to us from the City of Hamilton. The reach type could be 
either a circular or trapezoidal! shaped section. The values of these 


routing parameters for each reach are summarized in Table 8. 


Future Landuse Conditions 


The Red Hill Creek was initially modelled in its existing state of 
development. In order to determine the impact of future urbanization 
on flood flows in the creek it was necessary to model the watershed 


for anticipated future conditions. 


This was accomplished through reference to the City of Hamilton 
zoning by-law!3 and through discussion with Mr. Konrad Brenner, 


P. Eng., of the Hamilton-Wentworth Engineering Department. 


For modelling purposes the following modelling landuse classes, 
associated zoning by-law classes and design % imperviousness were 


considered (see Table 9). 


The modelling landuse class "mixed residential" was used for those 
areas where future development was expected but where land was not 
presently zoned for it. This included major portions of land on the 
escarpment, both in Hamilton and Stoney Creek. A representative % 
imperviousness to use for this class was determined with reference to 


the following five neighbourhood plans which have been proposed in 


this area: 
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TABLE NO. 9: MODELLING OF FUTURE LANDUSE 


MODELLING 


LANDUSE DESIGN % ASSOCIATED GILY OF 
CLASS IMPERVIOUSNESS HAMILTON ZONING DESIGNATIONS | 


1. Agricultural, 
Open Space 5 A, AA, F 
and Park 


Residential 30 | G1, DE, B, 5-1, B=2 
(Low Density) 


Residentia! 45 RT-10, RT-20, RT-30 | 


Note: Used for areas where gee 
development expected but where land 
is presently zoned for agricultural or| 
open space characteristics based on 5 
typical neighbourhood plans. 


(Mixed Density) 


4. Residential 73 ESfEs!,. E-2, 2-3; 
(High Density) 


5. Commercial 90 GRe-loCR=2; CR-3,,G, G-!, 
G-2, G-3, G-4, H, HH, I, HI 


6. Industrial 75 | Tota tia KG ld 
Mz125, Mel 3; M-14,M-15 
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TABLE NO. 10 
FULLY DEVELOPED % IMPERVIOUSNESS 
FOR EACH SUBCATCHMENT 


(EXISTING DRAINAGE POLICIES) 


SUBCATCHMENT 
NUMISER 
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The following landuse types and % imperviousness were considered for 


these areas in arriving at a representative value: 


Landuse in 5 Neighbourhood Plans % imperviousness 


single and double residential! 


attached housing 


apartments (low and medium density) 


commercial including multicentres 
Civic and institutional 
Park and recreation + open space 


utilities 


The final weighted value of imperviousness thus determined for mixed 
residential was 45%. 


The watershed map was then colour keyed according to the modelling 
landuse classes (see Map No's. 3a, 3b and 3c) and weighted percent 


imperviousness determined for each subcatchment. 


It is interesting to note that the design value of imperviousness thus 
arrived at for subcatchment 305 which is Presently almost totally 
developed was 37.14% which compares very Closely with the actual 
measured value of 36.0%. 


The final % impervious values thus arrived at for future conditions 


with present drainage policies are tabulated in Table 10. 
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METHOD OF HYDRAULIC ANALYSIS 


3.1 


Techniques and Programs Used 


The U.S. Army Corps of Engineers HEC-2 program was used to perform the 


backwater computations required for this study. 


We reconstructed, set-up and checked the HEC-2 data set given us by 
Werner Plessl, P. Eng., of the Hamilton Region Conservation Authority. This 
data deck was was previously created by M. M. Dillon Limited during a flood 
Plain mapping study of the watershed which was carried out for the Hamilton 


Region Conservation Author ity.® 


In order to make use of this HEC-2 data set it was necessary to know the 
actual location of each section on the watershed. Unfortunately the location 
and particularly the orientation of the cross-sections was not depicted on the 
Original floodplain maps. This necessitated a considerable effort to 
re-establish as well as possible the actual location and orientation of each 


section. This was done according to the following considerations: 


comparison of computer printout water levels for the Regional Storm to 
the plotted Regional Storm floodlines 
the known length of the cross-sections and elevations at the end points 
the location of the actual channel within the section 

- assumptions and knowledge that the original data set would have been 
Carefully prepared in accordance with accepted hydraulic modelling 


procedures. 


The recreated section locations were plotted on prints of the floodline maps 
and a copy was given to the Hamilton Region Conservation Authority, to 


facilitate their future use of the data. 


Machine drawn plots of the cross-sections, produced from the actual HEC-2 
data set were also produced and issued to the City of Hamilton under separate 


cover. 
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The HEC-2 program was used to develop rating curves for various stream 
reaches as input to the ROUTE computer program. Machine drawn plots of 
the rating curves thus established and used were bound and forwarded under 


separate cover to the City of Hamilton. 


After the hydrologic modelling runs for both existing and future (existing 
drainage policies) landuse conditions were completed final backwater profiles 


were run using the actual calculated flow values at each section. 
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RESULTS OF WATERSHED MODELLING 


Hydrologic simulations were done for the following design conditions: 
- 5,10, 25 and 100 Year design storm condition for existing landuse. 


5, 10, 25 and 100 Year design storm conditions for future landuse. 


The results of these simulations are Presented in tables and in the form of plotted 
hydrographs. Due to the large volume of tables and hydrograph plots they have been 
Placed in Appendices A and B respectively. 


The water surface profile determined for the 100 Year Storm under future conditions 
was plotted on the stream profiles which were presented as Drawing No.'s. 1, 2 and 3 
in Section 1.2. The degree of backup and its extent behind the various embankments 


may be clearly seen on these drawings. 
4.] Presentation of Results 


The results of the hydrologic simulations are presented grouped together as 


follows to facilitate comparisons and evaluation of problem areas. 


Golel Table Set No. I: Comparison of Existing and Future Peak Flows 
no runoff controls 


This set of tables (2 pages) is found in Appendix A and contains flow 


comparisons at all nodal! locations (Maps 2a, b, c) for all design storms. 


Table 11 which follows shows the effect of Proposed development on 
peak flood flows at selected locations when no runoff controls are in 


effect. 


4.1.2 Table Set No. 2: Analysis of Routing Reaches 
for Maximim Velocities and Peak Flow Reductions 
———— mn wcrocities and Freak Flow Keductions 


This set of tables is also found in Appendix A and is presented for two 
conditions: 
existing Condition (first 3 pages) 


future condition (last 2 pages) 
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In this table set the effect of the storage in each routing reach 
identified in Map Set 2 (a, b, c) is presented along with the maximum 
velocity in the reach for the noted conditions of landuse and design 
storm. The reach type (concrete box sewer, normal sewer, stream, 
Storage facility) is also noted. Where the reach is a stream (700 
series) the section number at which the maximum velocity is found for 


each storm and landuse condition is also identified. 


For the existing conditions presentation, the existence of major flow 
(overflow from minor system) in sewers (500 series mainly) is 
identified along with the associated maximum velocities and peak flow 
reductions. For these cases the overall! reach (major + minor) is also 
shown. The major system flow is characterized by shallower depth and 
wider widths of flow (e.g. along a roadway between the curbs instead 
of in a sewer) resulting in lower velocities and associated greater 
Storage and peak flow reduction. From the Red Hill Creek simulation 
results, major flows where they occurred were roughly 1/3 to 1/2 the 
velocity of accompanying minor system flows and exhibited peak flow 
reductions due to storage roughly 3 times or more as great as found in 
the minor system. It must be remembered however that during 
conditions of overflow minor system peak flow reductions are 
somewhat negligible. They only occur at all due to the fact that for a 
short time inflows in excess of pipe capacity will occur before the 


pipes actually fill and overflow to the major flow system. 


Table Set No. 3: Analysis of Stream Reaches 
for Storage and Embankment Overtopping 


This set of tables, found in Appendix A, presents detailed results and 
key points regarding the performance of the stream valley reaches for 


the following conditions: (2 pages each) 


- 4 Year Storm Existing Conditions 
- 4 Year Storm Future Conditions (no runoof controls) 
- 10 Year Storm Existing Conditions 


- 10 Year Storm Future Conditions (no runoff controls) 
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- 25 Year Storm Existing Conditions 
- 25 Year Future Conditions (no runoff controls) 
- 100 Year Storm Existing Conditions 


- 100 Year Storm Future Conditions (no runoff controls) 


In these tables for each combination of reach (see Map 2a, b, c), storm 


and development the following are presented: 


- peak inflow 

- peak outflow 

- % reduction in peak flow due to allowance for storage in the reach 
through routing calculations taking into account the backwater 
effect of structures 

- the amount of storage used for this combination of storm and 
landuse 

- the maximum amount of storage in the reach 

- the time lag between the time the peak inflow to and peak outflow 
from the reach occurred. This time is presented to the nearest 
> minutes since this was the time step used in the calculations. A 


lag of less than 5 minutes would show up as Zero. 


For up to two major structures within a reach the following 


information is also presented: 


- the name of the structure embankment (e.g. TH&B railway) 

. the height of the embankment, expressed as the elevation 
difference between the stream invert and the lowest point on the 
embankment crest where overflow would first begin. 

- the section number corresponding to the structure in the HEC-2 
data set is also given in brackets. 

- the freeboard existing for each condition. This is the distance 
between the water surface and the low point on the embankment 
crest and represents how much more the water leve! would have to 
rise before the embankment was overtopped. A zero or negative 
value for this item indicates that the embankment would be 


overtopped for that combination of landuse and design storm. 
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Table Set No. 4: Location and Conditions of Erosive Velocities 


In this set of tables, contained in Appendix A and comprising 9 pages 
the cross sections within each stream reach are listed and may be 
correlated to the cross section plots, rating curve plots and the HEC-2 
data set. For each combination of storm and landuse (future is with 
present: drainage policies) the maximum velocities for each cross 
section are listed oppostie the section number, if the maximum 
velocity within the section exceeded 5 feet per second. This is the 
threshold velocity at which erosion of a grass lined channel might 
begin, although in some cases grass lined channels may be designed for 
velocities up to 6 feet/second. If the channel is lined with rock or 
gabion baskets then it can safely convey flow at a somewhat higher 


velocity. 


Plotted Hydrographs (found in Appendix B) 


Hydrograph Set No. 1: Existing vs Future (no controls) Runoff 


Hydrographs at Selected Locations 


This set of 24 plotted hydrograph sheets depicts vividly the impact of 
future development on design storm hydrographs at selected locations. 
Hydrograph plots are presented for the 5 Year, 10 Year, 25 Year and 


100 Year Storms at the following nodal! locations: (see Map 2a, b, c) 


node 8.1 - the outlet of the 18 ft. by 15 ft. trunk storm sewer 
running parallel to Limeridge Road. This outlet is a 
short distance upstream of the CNR tracks at the 
Ottawa Street dump. 

node 11 - the main stream after picking up most of the 
planned Glanbrook Industrial park. 

node 14 - the main stream at Albion Falls 

node 21 - the confluence of the two main branches of the 


eastern tributary 


node 22 - the confluence of the eastern tributary and the main 
stream 
node 24 - the mouth of the creek at Hamilton Harbour 


(Windermere Basin) 
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Hydrograph Set No. 2: Importance of Various Branches 
at Various Junctions for Various Conditions 


This set of hydrograph plots is intended to depict the relative 
contributions of the creek branches at particular junctions for all 


storms, under both existing and future conditions (no runoff controls. 


These 24 sheets of plots may be found in Appendix B and cover the 


following junction points as follows: 


node 12 - the junction of the western tributary and main 
stream. The total flows at this point are plotted 
against the contribution from reach 701 (the 
western portion of largerly residential) 

node 20 - the junction of the main stream at the Greenhill 
Storage Facility. The total flow hydrographs at this 
location are plotted against the contributions from 
reach 810 (Fennell Avenue trunk after Greenhill 
Storage Facility) and reach 708 (the main stream) 

node 22 - the junction of the main stream and the eastern 
tributary. The total flow hydrographs at this point 
are plotted against the contribution from the main 
stream (reach 709), the contribution from each of 
the two branches of the eastern. tributary 
(reaches 713 and 714). 


Hydrograph Set No. 3: Inflow and Outflow Hydrographs 
for Stream Reaches with Significant Storage 


In this set of 40 sheets of hydrograph plots are depicted the inflow and 
outflow hydrographs for those reaches whose storage has the greatest 
impact on peak flows. This was done for the following reaches: (see 
Map 2 a, b, c) 


reach 709 - main stream behind TH&B embankment 


reach 711 - main stream between King Street and Barton Street 
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» reach712 - main stream from Barton Street to the mouth at 


Hamilton Harbour 
reach 713 - the smaller of the two branches of the eastern 


tributary with storage behind the TH&B 
embankment 

reach 715 - the larger of the two branches of the eastern 
tributary with storage behind the TH&B 


embankment. 


4.2 Effect of Selected Stormwater Management Controls on Design Flows 
45251 Description of Stormwater Management Control 


After discussions with the technical co-ordinating committee for this 
Project about the results of modelling of future landuse conditions it 
was decided to only simulate the effects of agreed upon stormwater 
management techniques applied to the Glanbrook Industrial Area. For 
this area it was decided to test the effectiveness of requiring 2.54 cm 
(1 inch) of storage for all impervious areas in industrial landuses. The 
manner in which this amount of storage would be provided could vary 


from site to site and could involve such measures as: 


roof top storage (only get credit for 2.54 cm) 
parking lot storage 


detention ponds 


In the SUBHYD program, depression Storage is modelled with the use 
of Linsley's! exponential depression storage equation. With this 
equation, there is some immediate runoff but no significant amount 
occurs until all depressions are filled. For this reason, simply 
specifying a depression storage of 2.54 cm for impervious areas in 
SUBHYD, provides a reasonable modelling simulation of the desired 


control. 
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“wise 


This 2.54 cm of impervious depression storage was specified for the 
following subcatchments: (see Map Set. No. 2) 
213 
a J atF 
315 
316 
a7 
318 
rete 


The watershed was then resimulated with the modified future 
conditions for the following design storms: 

5 Year 

25 Year 
- 100 Year 


Effect of Selected Industria! Stormwater Management Control 


The effectiveness of requiring 2.54 cm of storage for all impervious 
areas in the Glanbrook industrial park is illustrated in Table No.'s. 12 
and 13. Table No. 12 presents the results at a subcatchment level 
while Table No. 13 presents the results at selected points throughout 
the watershed. It can be seen from these tables that this stormwater 
management technique would greatly reduce the impact of the planned 
development on the watershed, although runoff from the area would 
still be considerably greater than under existing conditions. A greater 
degree of control could be attained by providing a larger amount of 


storage. 


The amount of storage represented by 2.54 cm over all impervious 


surfaces in the Glanbrook industrial park is 136,000 re 


Alternatively, a flood control reservoir could be built at reach 704, 
upstream of Albion Falls. Such a reservoir would exert some contro! 
over almost all new development on the main stream upstream of 


Albion Falls and has previously been proposed. 
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Varying amounts of storage could be provided at this site depending on 


the depth of ponding as shown below: 


POSSIBLE RESERVOIR STORAGE AT REACH 704 


SURFACE AREA 


Hectares Acres 


COMMENTS 


26.4 0.5 m freeboard at Stonechurch 
Road 
Ponding extended to about 150 m 
upstream of Stonechurch Road 


would have to raise Stonechurch 
Road by | metre at creek 
ponding extended to about 460 m 
upstream of Stonechurch Road 


close Stonechurch Road between 
CNR tracks and Albion Road and 
block underpass under CNR 
ponding extended to about 760 m 
upstream of Stonechurch Road 
(275 m downstream of Rymal 
Road). 
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CONCLUSIONS 


After reviewing the results of the hydrologic simulation modelling presented in 


Chapter 4 and Appendices A and B, the following conclusions may be drawn: 


1. Fully developing the presently undeveloped areas of the Red Hill Creek upstream 
from Albion Falls will dramatically increase peak flow rates at Albion Falls by a 


factor of 2.8 during a 25 Year Storm. 


2. The impact of future development on major flood flows will not be nearly as 
significant in the lower reaches of the creek because it will be largely "damped 
out" by ponding behind the TH&B embankment. The 25 Year Storm peak flow at 
the confluence of the main stream and eastern tributary, a short distance 
downstream from the TH&B embankment will only increase by a factor of 1.26. 


By the mouth of the creek this factor would be further reduced to 1.23. 


3. The most intense development is expected to take place in the Glanbrook 
Industrial Park. The impact of this development could be significantly reduced 
by the provision of on-site temporary storage equivalent to 2.54 cm (see pages 22 
and 23) over the entire impervious area. This would reduce the future 25 Year 
Storm peak flow by 30% to 40% from this area and the total 25 Year Storm peak 


flow at Albion Falls would be 14% less than otherwise. 


4. The TH&B embankment crossing the main stream and both major branches of the 


eastern tributary acts similar to a flood contro! dam, which, if stable during such 


an event, would back water up greatly reducing peak flows. 


5. Although the TH&B embankment across the main stream was not overtopped 
during any of the simulations, its failure during a 100 Year Future condition 
storm event is quite possible. During this simulation water was ponded to a 
depth of 13.4 m behind the embankment, which represents 82% of the 
embankment's height, and is higher than the roofs of numerous homes located a 
short distance downstream. If the embankment were to fail during such an 
event, the consequences would likely be catastrophic. Just downstream from 


this embankment the creek has a 90° bend and during such a failure, flood waters 
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would overtop the bank and likely wash away many of the homes located on 
Sinclair and Elaine Courts and flood numerous homes along Lawrence Road near 
King Street. Failure of the TH&B embankment during such an event would also 
likely lead to subsequent failure of the downstream crossings and considerable 
flooding at the sewage and water treatment plants located at the mouth of the 


creek. 


The embankment would not have been designed to act as a dam but could be 
reinforced to be able to safely withstand such extreme ponding conditions. The 
stabilizing of this embankment as necessary would be very worthwhile since it 


acts so effectively as a natural flood contro! structure. 


Numerous locations and conditions of potentially erosive velocities were 
identified. The consequences of such velocities cannot be evaluated however 
without a comprehensive survey of the stream channel to establish permissible 
velocities along its length and to identify the extent and location of existing 


erosion protection works. 


The capacity of the various structures along the stream reaches modelled is 
adequate for existing conditions since during the 25 Year Storm condition only 
Hixon Road and the old Barton Street crossing would be overtopped. The Hixon 
Road structure is only used at present as a footbridge and the Barton Street 


crossing has been recently rebuilt just downstream from the old structure. 


Under future 25 Year Storm conditions the following structures would be 


overtopped: 


. C.N.R. culvert (west of Dartnall Road) 
- Stonechurch Road 
- Quigley Side Road 


The detailed watershed modelling carried out for this Study has demonstrated 


the following: 


. due to the shape of the watershed (narrow in the lower reaches and flairing 


out in the upper reaches), and the low slopes and large storage volumes in the 
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lower watershed, the peak flows in the watershed are greatest in the area of 
confluence of the major tributaries near the Greenhill Storage facility. 
Proceeding from this point downstream, the attenuative effects of valley 


storage more than compensate for the slightly increasing watershed area. 


- The large embankments in the lower watershed have a very significant 


impact on peak flood flows. 


Floodplain mapping for the watershed which was done some time ago, using 
techniques common at the time, considered the entire watershed as simply a 
single subcatchment, and did not consider these effects. Peak flows were 
estimated at the mouth of the basin and simply related to drainage area in other 
parts of the watershed. If the floodplain mapping were redone, with the level of 
detail considered in this study, significantly different results would likely be 
obtained. Such work should not at first assume that the embankments will fail as 
is commonly done. Rather it should determine the impact of the embankments 
on Regional Storm flood flows and levels and then establish what if anything, 
would be required to make the embankments stable. Then the cost effectiveness 
of stabilizing the embankments if and as necessary could be established versus 
the cost of alternative culvert replacements through the embankments and 


downstream channel! improvements. 
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RECOMMENDATIONS 


Based upon the results of this study, the following recommendations are submitted: 


Stormwater management techniques and principles should be implemented as 


follows: 


(a) provision should be made in drainage design for both minor drainage system 
and a major or overflow drainage system for all new development. The 
minor and major systems should be designed to the 5 and 100 Year Storm 
level respectively. 

(b) roof drains should not be connected to sewers in the residentia! areas. 
They should discharge onto concrete splash pads located at ground level 
and lot grading should be such that roof drain flow will drain away from the 
building so that infiltration may occur. 

(c) detention Storage equal to 2.54 cm for all impervious surfaces should be 


Provided in new industrial development. 


A comprehensive survey of the storm channels should be carried Out to establish 
maximum permissible velocities at al! locations. This work should be referenced 
to the existing floodplain mapping of the watershed. The results of this survey, 
when correlated with the results presented in Table Set. No. 4 in Appendix A will 
allow a determination of the extent and severity of both existing and potential! 


future erosion problems. 


Stability analyses should be carried out for the major embankments which pond 
water and tend to act as natural flood contro! reservoirs, effectively helping to 
contro! both existing and future flooding. The TH&B embankment which crosses 
3 branches of the creek below the escarpment is most important from this point 
of view. Emphasis should be on taking what steps are necessary to ascertain that 


these embankments remain stable, rather than on increasing their capacity. 


The C.N.R. (west of Dartnall Road), Stonechurch Road and Quigley Side Road 
Structures should be rebuilt with increased Capacity to handle future flows. 
Rather than size these structures to Pass all conceivable flows, provision shoud 
be made, where Practical, to allow the structure to be safely overtopped during a 


major flood event. 
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APPENDIX A: 


STUDY RESULTS GROUPED INTO VARIOUS TABLES 


1A. CEUTA 


(ea? IRR MAN aera ane 


Table Set No. |: 


Comparison of Existing and Future Peak Flows 
(no runoff controls) 
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Table Set No. 2: 
Analysis of Routing Reaches for Maximum 
Velocities and Peak Flow Reductions 
existing conditions 
future conditions 
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TABLE SET NO. 3 


ANALYSIS OF STREAM REACHES FOR STORAGE 
AND EMBANKMENT OVERTOPPING 


> YEAR STORM EXISTING CONDITIONS 
> YEAR STORM FUTURE CONDITIONS 
10 YEAR STORM EXISTING CONDITIONS 
10 YEAR STORM FUTURE CONDITIONS 
25 YEAR STORM EXISTING CONDITIONS 
25 YEAR STORM FUTURE CONDITIONS 
100YEAR STORM EXISTING CONDITIONS 
100 YEAR STORM FUTURE CONDITIONS 
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Table Set No. 4: 
Locations and Conditions of Erosive Velocities 
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APPENDIX B: 


PLOTTED HYDROGRAPHS 


Hydrograph Set No. |: 
Existing vs Future (no controls) Runoff 


Hydrographs at Selected Locations 
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Hydrograph Set No. 2: 
Importance of Various Branches of Various 
Junctions for Various Conditions 
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Hydrograph Set No. 3: 
Inflow and Outflow Hydrographs for 
Stream Reaches with Significant Storage 
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